Cross layer optimization of VANET routing with multi-objective decision making by Perera, Ovitigalage Prasad Nalaka & Jayalath, Dhammika
This is the author’s version of a work that was submitted/accepted for pub-
lication in the following source:
Perera, Ovitigalage & Jayalath, Dhammika (2012) Cross layer optimization
of VANET routing with multi-objective decision making. In Proceedings
of ATNAC 2012 : Australasian Telecommunication Networks and Applica-
tions Conference, IEEE Xplore, Brisbane, Qld..
This file was downloaded from: http://eprints.qut.edu.au/55146/
c© Copyright 2012 please consult the author
Notice: Changes introduced as a result of publishing processes such as
copy-editing and formatting may not be reflected in this document. For a
definitive version of this work, please refer to the published source:
Cross Layer Optimization of a VANET Routing
Protocol with Multi-Objective Decision Making
Ovitigalage Prasad N. Perera, Dhammika Jayalath
School of Electrical Engineering and Computer Science
Faculty of Science and Engineering
Queensland University of Technology, Brisbane QLD, Australia
Email: ovitigalage.perera@qut.edu.au, dhammika.jayalath@qut.edu.au
Abstract—Vehicular Ad-hoc Networks (VANET) have different
characteristics when compared with other types of mobile ad-
hoc networks. The dynamic nature of the vehicles which act as
routers and clients are connected with unreliable radio links.
Routing becomes a major problem in these networks due this
unreliability. First we propose CO-GPSR (Cooperative GPSR),
an extension of the traditional GPSR (Greedy Perimeter Stateless
Routing) which uses relay nodes that exploit radio path diversity
in a vehicular network to increase routing performance. Next we
formulate a Multi-Objective decision making problem to select
optimum packet relaying nodes to increase the routing perfor-
mance further. We use cross layer information to implement the
optimization process. This paper evaluates the routing perfor-
mance more comprehensively using realistic vehicular traces and
a Nakagami fading propagation model optimized for highway
scenarios in VANETs.
Index Terms - VANETs, relays, Multi-Objective Decisions,
Cooperation, Routing,Cross-layer optimization, GPSR, Realistic
vehicular traces
I. INTRODUCTION
The traditional ways of routing in ad-hoc networks can have
major failures when they are applied to the VANET domain
[1]. The nature of the radio environment of a VANET is
more dynamic and unpredictable [2] that routing becomes a
complex problem compared to the conventional Mobile ad-
hoc networks. More over the frequent disconnections in the
VANET topology can make packet delivery more difficult.
Employing cooperative relays to improve the performance
of the routing protocols is a unique approach for VANETs.
The pioneering work of [3] and [4] proposed the adoption
of relays for wireless communication systems. There are
some research attempts to used this concept to enhance the
performance of MANETs [5], [6]. Even though there are many
research attempts to increase the physical layer performance
using cooperative relays, marginal work can be found which
attempts to improve the routing layer performance with cross
layer optimization. The work of [7], [8], [9] are among these
few attempts which discuss the feasibility of cross layer
optimization of routing using cooperative relays. However the
relaying mechanism employed become vulnerable in VANETs
when the nodes start moving rapidly unlike the traditional
scenario where nodes move slowly or stationary.
In this paper we present a extension of GPSR [10]routing
protocol known ans CO-GPSR which uses alternative nodes
in a given nodes neighbour table as potential relays to repair
the routing path failures due to difficult radio conditions . The
core of the paper formulates a multi-objective decision making
problem [11] which searches for optimal relaying nodes for
path repairing which improves the routing performance further.
In position based routing the routing path length is a significant
metric of routing performance. Addition of relays in unreliable
environments definitely adds up more path length. However for
the relaying function to be successful and to obtain maximum
path diversity relay nodes should be selected that the radio
path from the selected node to the source node should be
maximum. These criteria are used to form the multi-objective
decision making problem.
Majority of the previously proposed routing protocols for
VANETs were evaluated using simplistic settings on the
routing environment. The use of Two Ray Ground Reflection
propagation model [12] and the random way point mobility
models have hidden the true characteristics of VANETs phys-
ical environment. The implications of PHY layer on the routing
performance is not reflected well with these setups. The
work of Naumov et.al [1] later presented these impacts well.
However the performance enhancement techniques which they
propose in [1] are merely done on network layer. To make the
simulation output more realistic we use the Nakagami fading
model with tuned parameters as described in WirelessPhyExt
[12]. We also utilize the vehicular mobility datasets used by the
authors of [1]. The novelty of our work is that we proposes to
integrate the cooperative relaying as an integral part of routing
with concern over the routing decisions while the previous
approaches have considered relaying and routing separately
which is different from the work in [7], [6], [8]. The previous
similar attempts in cross layer cooperation are heavily studied
based on MANETs [5], [6] and they do not attempt to optimize
the routing problem when the path repairing is implemented.
We discuss the related work in Section II. In Section III we
discuss our model for cross layer optimization of GPSR. The
simulation setup and the results are presented in Section IV.
Section V concludes the work.
II. RELATED WORK
A. GPSR Routing
GPSR routing for ad-hoc networks was first presented by
Brad Karp et.al in 2000 [?]. The flexibility of this protocol
to the ad-hoc networking domain has made it an interesting
topic ever since. Many versions of GPSR were developed in
relation to VANET environments [13]. In GPSR routing a
simple greedy mode decision is taken at each node. When
a node receives a packet, if it is not addressed to itself the
forwarding process will be triggered. A node will always look
to forward the packets to a destination which is closer to
the final destination than itself chosen from it’s neighbors. he
greedy forwarding may not always work if a packet reaches
a node which does not have any neighboring nodes close to
the ultimate destination than the node itself. This situation is
known as a local maximum. To recover from such situation
the authors use graph planarization and the right hand rule
of graph traversal. The planarization can be in two forms
which are Relative Neighborhood Graphs or Gabriel Graphs.
The entire routing process is based on the individual neighbor
information held by each node as sensed by them. Updating
the neighbor information is done using periodic beaconing at
each node. A periodic HELLO beacon is transmitted by all
the nodes containing information about their location. These
beacons are used to construct the one hop neighbor table at
each node GPSR needs geographical information of nodes for
its operation. We use GPSR as our base protocol to implement
the cooperative relaying.
Using cooperative relaying to improve performance in wire-
less networks was first proposed by [3], [4]. There is lot of
research following this concept and ad-hoc networks have the
potential to benefit the most. In ad-hoc networks routing is
a distributed function and cooperation among nodes is an
integral part. In [14] the authors propose three approaches to
use cooperative relays in a wireless network for routing.
• Relay-by-flooding:the message is propagated by flooding
and multiple hops.
• Relay-assisted-routing:uses cooperative nodes of an ex-
isting route.
• Relay-enhanced routing:adds cooperative nodes to an
existing route.
Our proposal here belongs to the second category. The relay
selection in [14] is a single criteria optimization problem
and that in our opinion is not the most suitable approach to
optimize routing. They select the node in with the best SNR
in either decodable set or the neighbour set as the relay for
a particular node. Such relay selection in dynamic networks
like VANETs can often be non optimized due in terms of the
overall routing performance. The authors of [14] do not asses
their proposal with networks similar to VANETs which are
highly dynamic. In our proposal we analyze the routing pro-
tocol with realistic VANET environments. In [7] a cooperative
relay based routing protocol is proposed called CLCR. CLCR
also belongs to the Relay-assisted-routing family. However the
base protocol used by the authors is AODV [15] which can
have scalability problems when operated large VANETs. The
relay selection described in [7] similar to [14] is based on
a single criteria maximization (SNR). However we will show
that optimizing a single criteria in a distributed function like
routing is not optimal. In [9] authors propose a cross layer
routing approach which imposes constraints on the end-to-
end delay and transmission power. Transmit power is not a
critical constraint in VANETs. However [9] also falls in to
the category of Relay-assisted-routing. The nature of routing
protocol which can use the criteria defined on [?] is not clearly
specified and not tested for realistic VANET environment. In
our approach to match with the locality and greediness of
GPSR we do not impose global criteria for optimization for
relay selection but we optimize the decision by performing
multi-objective derision making. A cross layer frame work
to exploit virtual MISO (Multiple Input Single Output) is
proposed in [5]. This work is directly not intended to VANETs
but proposed for mobile ad-hoc networks in general. The
authors use multiple relay nodes rather than using a single
relay when available. However for VANETs with frequent
disconnections this can be heavy overhead. This approach
is in the category of Relay-enhanced routing. All the nodes
within a predefined range are selected as potential relays
in virtual MISO. This approach is not tested in a VANET
environment and a big question arises on the optimality of
this approach for dynamic mobile ad-hoc network. In [6]
a cooperative geographic routing scheme is proposed which
defines SER (Symbol Error Rate) constraints on the overall
performance. In this approach the optimal relay node positions
are discovered based on node replies with in an expiration of a
timer set alive at the point of receiving an information packet.
The scheme is not bind to a comprehensive VANET routing
scheme and rather depends on simple Greedy forwarding. The
relay selection in this approach can be viewed as a single
criterion maximization. However the authors demonstrate the
gains achieved by the approach clearly even they have not
tested it in a dynamic mobile environment. In this section
we have outlined the existing approaches to improve routing
performance in MANETs and VANETs using cooperative
relays. It can be identified clearly the routing optimization for
VANETs using cooperative relaying nodes for path repairing
is not been widely studied yet. The existing studies focus
more towards maximizing or minimizing a single criteria
for relay selection rather than binding the relaying process
effectively to the routing protocol. To address this research
gap we propose to integrate path repairing in well established
GPSR protocol and optimize the problem further using multi-
objective decision making.
III. SYSTEM MODEL
A. Cooperative GPSR
CO-GPSR exploits the path diversity by using cooperative
relaying. To the best of our knowledge this is the first attempt
to integrate cross layer cooperative diversity for a greedy
position based protocol like GPSR which is more suitable for
VANETs.The relay selection in this approach is done hop by
hop basis. The cooperative relaying is attached to the next
hop selection in traditional GPSR and no additional overhead
is required. The main objective of introducing CO-GPSR is to
observe the effect of path diversity on routing performance by
using cooperative relays while minimizing the computational
and the routing overhead.
CO-GPSR uses a simple and primitive relay selection pro-
cess. In a way the relay selection in the initial phase is similar
to the approaches in [14], [?], [?]. Instead of selecting the link
with maximum SNR we have selected the closest node to the
immediate hop as the relay to match with the greedy nature of
GPSR. However later we will prove that the decision can be
optimized further by imposing multiple criteria. When GPSR
is in its greedy mode it is more likely that always the chosen
next hop is in the edge of the coverage area of the forwarding
node. When the radio environment is more unreliable the edge
of the coverage area can be more unreliable. Due to this reason
GPSR can have high percentage of packets been lost due to
errors in the physical layer since they can not be decoded
properly. In CO-GPSR we inform the routing layer when the
MAC fails to deliver a packet due to any reason (mainly poor
radio conditions). We only ad two extra data fields in the
packet header to support this process which is realized in NS-2.
Figure 1 shows the path repairing process.
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Figure 1. Path repairing in CO-GPSR with cooperative relays
In our results of CO-GPSR we show that the protocol
performs 30 % - 40% better than the conventional GPSR.
The results also show that the cooperative relays enhance the
routing performance when the network has a low density of
vehicles or high interference levels.
B. Cross layer optimization as a Multi-Objective decision
making problem
Even though interesting improvements for GPSR can be
obtained as described in the previous subsection with a sim-
ple relay selection methodology this problem can be more
complex. In a real VANET, routing will be different and the
methodology of path repairing will often be useless if the
relays are not selected with awareness on the routing protocol.
The previous research define constraints on a single criteria
like SNR or SER for this purpose. In our opinion this problem
should be extended. In a way the relays selection for a dis-
tributed process like VANET routing should be multi dimen-
sional yet aligning with the properties of the routing protocol
used. Multi-Objective decision making is a well established
branch of Operational Research which has applications in
a variety of fields including wireless communications [11],
[16]. So far the cross layer optimization problem for VANETs
is not investigated using this approach. In formulating this
problem we define our multiple objective functions fi(r) in the
following manner to select the best possible relaying vehicle
for a given source vehicle from a solution set R which is the
collection of potential neighbour nodes to perform as a relay.
• f1(r) : min(dsr+drl) : When a relaying node is selected
to offer path diversity at a point where chosen path fails to
deliver a routing packet the packet will be routed though
the relay which has additional distance to be traversed
equivalent to dsr+drl. This is an objective which should
have the minimum value to be an option.
• f2(r) : d20 ≥ ds2r + dr2l : For a given node the neighbour
nodes (which are potential relay nodes) can be in a 3600
perimeter. However GPSR is such a protocol that a packet
should be always transmitted to an intermediate node
closer to the ultimate destination. To satisfy this need we
set the objective f2(r) such that a neighbour node can
only be a relay if it is inside a circular area C (Figure 2)
with diameter of d0.
• f3(r) : max(SNRsr) : This objective function defines
the SNR requirement for a selected relay. Ideally the radio
path between the relay and the source should be a healthy
one and this objective should be maximized for optimum
performance.
This problem is clearly NP-hard. However now it is able
to represent the true nature of VANET routing rather than
optimizing a single condition. The objective functions can
be extended further with different criteria. For an example
the node velocity can be a critical objective that should be
optimized to select long lasting relays. However the overall
objectives like end-to-end dearly or overall throughput are bit
overwhelming for a greedy position based routing protocol
like GPSR. That sort of objective functions can be defined
for proactive routine sachems like AODV where a end-to-
end path can is defined before a packet is routed. Defining
global objective functions for protocols like GPSR will is to
be discussed in our future work.
We measure the SINR of each link at the physical layer
and pass on this information up to the network layer. This
is a cross-layer optimization approach. For any intermediate
forwarding node Xsi in the routing path for packet p there can
be a set of neighbour node’s which can be expressed as which
is the set of values for the objective function f3(r),
n = [n1, n2, ..., nm]
T (1)
Here n ⊆ Nof, whereNisthesetofallneighborsfor Xsi . n
which satisfies the objective function f2(r). The distances
d0, dsr, drl according to the definitions in Figure 2. The
selected immediate hop by GPSR is Li to reach the destination
D, The SINR for each of the neighbors in n and let this set
for Xsi is,
S = [SNRs1, SNRs2, ..., SNRsk]
T
, k ≤ m (2)
For the n we can calculate the distances dsr, drl for any
source node Xsi relay node r and immediate hop L. With this
the matrix d is constructed which is the set of values for the
objective function f1(r)
d = [{dsr1 + dr1l} , {dsr2 + dr2l} , ...., {dsrk + drkl}]T
(3)
The Aggregate Objective Function (AOF) [11] F can now
be constructed to solve the multi-objective decision making
problem. We adopt the weighted product method to define the
AOF [11].
F =
3∏
j=1
fi(r)
wi (4)
In equation 4 wi’s are scalar weights which reflect the negative
or positive influence towards the final result and
∑3
i=1 wi = 1.
In this analysis, w1 = −3, w2 = {1,−1}, w3 = {3, 5} are
selected. We have biased the solution towards high SNR links
with this selection of the scalars. F to be calculated for each
value in S and d which define the objective function values for
f1(r)andf2(r). The elements of the preference value matrix
V is calculated in following manner,
vi =
∏3
j=1 fi(r)
wi∏3
j=1 f
∗
i (r)
wi
(5)
where f∗i (r) = max{fi(r)} and 0 ≤ vi ≤ 1. The greater
the value of vi more preference is given to the corresponding
relay node r. This defines the preference matrix V ,
V = [v1, v2, ...., vk]
T (6)
Figure 2 illustrates the GPSR optimization process in a
multi-lane highway of a VANET. In section IV we compare
the performance of the single criteria and multi criteria op-
timization solutions applied for GPSR in various mobility
environments.
Algorithm 2 presents the desicion optimization process for
path repairing in GPSR.
In a summary the key contributions of this paper can be
outlined as below.
1) We have proposed and tested cross layer optimization for
a position based greedy protocol like GPSR while the
previous similar work were based on routing table based
proactive protocols like AODV. There for to the best of
our knowledge this is the first time such an approach
is tested on random mobility patterns and realistic ve-
hicular traces using a realistic mobility propagation like
nakagami.
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Figure 2. Relay selection for CO-GPSR with Multi-Objective decision
making
2) We have identified the cross layer routing optimization
problem in VANET as a Multi-objective decision making
problem where the previous approaches have used relay
nodes with a single criteria maximizing objectives. We
also believe that this work gives useful insights to the
effective use of cooperative communications in a cross
layered paradigm for VANETs.
IV. SIMULATIONS AND RESULTS
A. Simulation setup
NS-2 was used for the simulations. To make the sim-
ulations more realistic we use the Nakagami channel fad-
ing model available with NS-2 Wireless PHY Extension.
[17] has defined the tuned parameters for Nakagami in a
Highway. We also use the highway vehicle trajectories used
by the authors of [1]. These trajectories are available at
http://www.lst.inf.ethz.ch/research/ad-hoc/car-traces/ and de-
rived by a multi agent microscopic traffic simulator and
provide more realistic interpretation of the node mobility. The
Nakagami RF model is a general representation of fading RF
channel and has more tunable parameters than the Shadowing
or Two-ray models. Hence the VANET radio channel is
presented more closely to the actual situations. The probability
density function of the received power for Nakagami model
is,
p(x) =
(m
Ω
)m xm−1
Γ(m)
exp
[
−mx
Ω
]
, x ≥ 0 (7)
Here Ω is the expected value of the distribution or the
average received power. m is the shape or fading parameter.
As defined in [17] Table 1 shows the Nakagami parameter
values.
Algorithm 1 optimization of GPSR path repairing using multi-
objective decision making
Require: OptimumRelay ⇒ GPSRNeighbour
w1 = −3,w2 = 1,w2 = 3
vtemp ← 0
vmax ← 0
f1 ← 0
f2 ← 0
f3 ← 0
f∗i ← max{fi(r)}
if n ≡ NULL then
return NULL
else
for all ni ∈ n do
f1 ← dsri + dril
f2 ← d20 − (ds2r + dr2l )
f3 ← SNRsi
if f2 ≤ 0 then
w1 = −3,w2 = −1,w2 = 5
end if
Vtemp ←
∏3
j=1 fi
wi∏3
j=1 f
∗
i
wi
if vtemp ≥ vmax then
vmax ← vtemp
OptimumRelay ← ni
end if
end for
end if
return OptimumRelay
Table I
NS-2 NAKAGAMI PARAMETERS USED IN TCL SCRIPT
Parameter Value
Propagation/Nakagami set gamma_0 1.9
Propagation/Nakagami set gamma_1 3.8
Propagation/Nakagami set gamma_2 3.8
Propagation/Nakagami set d0_gamma 200
Propagation/Nakagami set d1_gamma 500
Propagation/Nakagami set use_nakagami_dist true
Propagation/Nakagami set m0_ 1.5
Propagation/Nakagami set m1_ 0.75
Propagation/Nakagami set m2_ 0.75
Propagation/Nakagami set d0_m_ 80
Propagation/Nakagami set d1_m_ 200
We have defined two simulation scenarios. CBR connections
are created between three different node pair and the packet
delivery success rate is compared between GPSR, CO-GPSR
and optimized relay selection. Each CBR connection exists
for 80s. Table 2 shows node features. The two simulation
scenarios are.
• Scenario 1 : Random movement patterns in a
500m×500m area with nodes moving at speeds in the
range of 30 km/h to 100 km/h. The node density is varied
Table II
SIMULATION SETTINGS
Parameter Value
Tx. Power 0.25 W
CSThreshold 3.98107 x 10−9W
Frequency 5.9 x 109Hz
Propagation Model Nakagami
MAC IEEE 802.11Ext
Netif WirelessPhyExt
NoiseFloor 1.26x 10−13W
Figure 3. Selected highway segment in a realistic vehicular trace [1]
form 20 to 50.
• Scenario 2 : Realistic vehicular traces from a multi
agent microscopic traffic simulator used with different
densities. Vehicles moving along a highway segment used
to establish CBR data connections to test the protocol.
Figure 3 is an simulation instance from the NS-2 network
animator.
B. Results
V. CONCLUSION
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